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Invasive cervical tumors, a major subset of human epithelial neoplasms, are characterized by the consistent presence of
papillomavirus oncogenes 16 or 18 E6 and E7 products. Cervical tumors also consistently exhibit cytosolic and nuclear forms
of Notch1, suggesting the possible persistent activation of the Notch pathway. Here we show that activated Notch1
synergizes with papillomavirus oncogenes in transformation of immortalized epithelial cells and leads to the generation of
resistance to anoikis, an apoptotic response induced on matrix withdrawal. This resistance to anoikis by activated Notch1
is mediated through the activation of PKB/Akt, a key effector of activated Ras in transformation. We suggest that activated
Notch signaling may serve to substitute for the lack of activated Ras mutations in the majority of human cervical neoplasms.
© 2001 Academic Press
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lIntroduction. The human Notch1 gene belongs to a
family of evolutionarily conserved transmembrane recep-
tors that are widely used in the regulation of cell-fate
determination (1). Several independent experimental ap-
proaches have led to the notion that Notch signaling
involves ligand-regulated cleavage of the receptor with
nuclear localization (1). However, there remains a para-
doxical inability to easily detect nuclear forms of Notch in
normal tissues by immunostaining (1). Intracellular forms
of Notch1 that localize to the nucleus, generated by
truncated alleles of Notch genes, have been associated
with a small subset of human T-cell leukemias (2) and
tumorigenesis in animal model systems (3–5). The hu-
man Notch1 gene was identified and cloned from a
breakpoint of a chromosomal translocation leading to
the expression of aberrant truncated proteins that local-
ized to the nucleus (2, 6). Similar truncated alleles of
human Notch1 generate T-cell tumors in mice (7). In
addition, in synergy with the adenovirus E1A oncogene,
truncated activated alleles of Notch1 and Notch2 gener-
ate colonies in rodent cells in in vitro transformation
ssays (8). These colonies can also generate tumors in
ude mice (8). The presence of truncated alleles of Notch
as not yet been reported in epithelial neoplasias, which
ccount for 90% of human malignancies. However, the
onsistent detection of both intense cytosolic and nu-
1 These authors contributed equally to the work.
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23clear Notch1 staining in human cervical tumors by im-
munohistochemistry (9, 10) suggests a persistent dis-
regulated activity of the Notch pathway in these high-risk
human papillomavirus (HPV)-associated neoplasms.
Results. Activated Notch1 synergizes with HPV 16 on-
cogenes in transformation. Transient expression of the
entire intracellular activated form of Notch1 using a trun-
cated allele of Notch1 (AcN1) in HaCaT cells, a HPV-
negative immortalized human epithelial cell line (11),
leads to no detectable increase in soft agar colonies.
This is in contrast to a 5-fold increase with activated Ras
lleles (Fig. 1A). Adenovirus E1A has been shown to
ynergize with AcN1 in transformation of rodent cells (8).
ence, we coexpressed HPV 16 E7, a protein with strong
imilarities to E1A, along with AcN1. There was, however,
o detectable increase in colonies in soft agar assays
Fig. 1A) of HaCaT cells. With the greater resistance of
uman epithelial cells over murine cells to transforma-
ion (12) and the persistent expression of E6 in addition
o E7 in human cervical neoplasms (13), we expressed
cN1 and E7 in HaCaT cells constitutively expressing
PV 16 E6 (14). The expression of E6 in HaCaT cells
eads to the generation of resistance to serum starvation
n long-term cultures, invasion, and altered integrin pat-
erns (14). However, HaCaT-E6 cells per se or expression
f E7 did not generate an increase in colonies in soft
gar (Fig. 1A) over that of HaCaT cells. The expression of
oth E7 and AcN1 simultaneously in HaCaT-E6 cells
eads to a marked 5-fold increase in colonies (Fig. 1A).
e extended these observations by establishing stable
0042-6822/01 $35.00
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24 RAPID COMMUNICATIONtransfectants of HaCaT cells with AcN1 and E7 indepen-
dently. Transient transfection of E6 and E7 into HaCaT-
AcN1 cells or E6 and AcN1 into HaCaT-E7 cells showed
a similar 4-fold (Fig. 1B) and 2.5-fold (Fig. 1C) increase in
colonies in soft agar assays, respectively. Collectively,
the results in Fig. 1 demonstrate a 2.5- to 5-fold increase
in transformation by AcN1 in the presence of both HPV
16 E6 and E7 oncogenes.
Activated Notch1 signaling generates resistance to
anoikis. There are diverse functions associated with
HPV E6 and E7 oncogenes in driving immortalization
of epithelial cells (13). The detection of nuclear Notch
n the transition from high-grade human cervical pre-
FIG. 1. Activated Notch1 synergizes with HPV oncogenes E6 and
representative fields of soft agar colonies. Graph shows that AcN1 per
HaCaT-E6 cells in contrast to activated Ras alleles. Coexpression of
HaCaT-E6 cells, but not HaCaT cells. (B) E6 and E7 expression in HaCaT
in HaCaT-E7 cells leads to a 2.5-fold increase in colonies. All the grap
were generated by microscopic analysis of 10 random fields per tran
asterisk indicates P , 0.02 compared with vector alone.ursor lesions to invasive tumors (10) is suggestive of
a functional role for Notch signaling in the later stagesof HPV-associated tumorigenesis. Since activated Ras
alleles cooperate with HPV 16 E6 and E7 oncogenes in
in vitro transformation assays, we compared the ef-
fects of expressing activated Ras with activated
Notch1 in HaCaT cells. One of the well-characterized
properties of activated Ras is the generation of an-
chorage-independent growth with the acquisition of
resistance to anoikis (12, 15), an apoptotic response
generated on matrix withdrawal (16). Resistance to
anoikis, measured in in vitro assays, also correlates
with the acquisition of angiogenesis and progression
to complete neoplastic transformation in vivo (17).
HaCaT-Neo cells, on matrix withdrawal, exhibit fea-
transformation assays. (A) Left panel shows photomicrographs of
s not lead to an increase in colonies in soft agar assays in HaCaT or
and E7 leads to a 5-fold increase in colonies in soft agar assays in
cells leads to a 4-fold increase in colonies. (C) AcN1 and E6 expression
esent the means 6 SEM of three independent experiments, and data
. Student’s T test was used to obtain statistical significance and theE7 in
se doe
AcN1
-AcN1
hs reprtures of apoptosis, viz., nuclear condensation and frag-
mentation (Fig. 2A). The constitutive expression of
25RAPID COMMUNICATION
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26 RAPID COMMUNICATIONAcN1 in HaCaT cells typically generates a 40% in-
crease (2.5-fold) in resistance to the induction of
anoikis, which is similar to the resistance generated
by expression of activated Ras (Figs. 2A and 2B). AcN1
expression in these cells does not lead to an anti-
apoptotic protection from serum starvation in long-
term cultures (Fig. 2C), in contrast to our previous
observations with activated Ras alleles (14), indicating
a specificity in the response generated by AcN1 to
apoptosis-inducing triggers. We obtained results sim-
ilar to those shown in Figs. 2A and 2B using three
assays—analysis of membrane damage (as detected
by propidium iodide staining) (Fig. 2D), DNA fragmen-
tation (as determined by scoring for the sub-G1/G0
fraction) (Fig. 2E), and phosphatidyl-serine flip (as as-
sessed by Annexin-V labeling) (data not shown).
Activated Notch1 mediates resistance to anoikis
through the phosphoinositide 3 kinase-protein kinase
B/Akt (PI3K-Akt/PKB) pathway. The PI3K-Akt/PKB path-
way mediates resistance to apoptosis in diverse cell
types (12) and generates resistance to anoikis in epithe-
lial cells by activated Ras (15). Though activation of the
I3K-Akt/PKB pathway is believed to be central in human
umor progression (12), this pathway has not yet been
mplicated in the pleiotropic list of functions attributed to
PV oncogenes E6 and E7. We explored the possibility
hat PI3K-Akt/PKB activation in HPV-associated neopla-
ias is generated by activated Notch1 signaling. We
valuated the role of PI3K using wortmannin and
Y294002, chemical inhibitors of PI3K. These inhibitors
liminate resistance to anoikis in HaCaT-AcN1 cells as
easured by FACScan and microscopy, respectively
Fig. 3A). Similar results were obtained with wortmannin
n HaCaT-Ras cells (Fig. 3A, top). Wortmannin and
Y294002 do not cause toxicity per se in HaCaT cells
data not shown). The loss of anoikis resistance using
ortmannin and LY294002 suggests the role of PI3K in
he generation of anoikis resistance by activated Notch1.
To further establish the role of the PI3K pathway, we
FIG. 3. AcN1 mediates resistance to anoikis through the PI3K-PKB/Ak
Top) A representative FACScan analysis of wortmannin inhibition of N
ercentage of apoptotic HaCaT cells following matrix withdrawal in the
ector alone. (B) Dominant negative mutant form of Akt (AH-Akt) inhibit
ative microscopic images of GFP and Hoechst fluorescence of transfe
bottom) shows that transfection of AH-Akt into HaCaT-AcN1 or HaC
ransfections. GFP was cotransfected in these experiments and in G
ypically 100 GFP-positive cells were scored for features of apoptosis
kt phosphorylation under anchorage-independent conditions. Indicat
educed serum (0.2% FCS) medium before analysis. Western blot in th
ore than 20-fold higher phosphorylation of transfected Akt than endog
he reduced serum (RS) attached condition there is a 1.5-fold increase
ompared to Neo cells transfected with Akt (lane 3). However, unde
cN1-expressing cells transfected with Akt (lane 7) show 17-fold highe
ith LY294002 reduces the phosphorylation of Akt in the presence of A
with lane 7) implicating the activation of Akt by the PI3K pathway. Blot wa
xpression. Lower panel shows a quantitation of the blot in the upper panel.valuated the immediate known downstream effector of
I3K, PKB/Akt (15), in mediating resistance to anoikis by
cN1. We used a dominant negative inhibitor of PKB/Akt
nd estimated the phosphorylation status consequent to
ctivated Notch1 expression. A plasmid, AH-Akt, that
ncodes a dominant negative mutant form of PKB/Akt
18) was used in transient transfections of HaCaT-AcN1
ells (Fig. 3B). The transfected cells were identified using
tracer GFP-expressing vector, in a cotransfection as-
ay. The GFP-positive cells were then assessed micro-
copically for apoptotic features in anoikis determination
ssays. The expression of AH-Akt abolishes the 2.5-fold
esistance to anoikis induced in HaCaT-AcN1 cells and
aCaT-Ras cells used as controls (Fig. 3B). Cells trans-
ected with AH-Akt alone showed negligible death (data
ot shown).
Phosphorylation of PKB/Akt (Wt-HaAkt) was used as a
easure of PI3K activity in HaCaT cells (Fig. 3C) ex-
ressing AcN1. Transfection of the Wt-HaAkt construct
eads to a greater than 20-fold increase in phosphoryla-
ion in attached cells expressing either AcN1 (lane 5) or
CDNA3 control vector (lane 2) compared to untrans-
ected cells (lane 1). Detachment leads to a marked
ecrease (17-fold) in Akt phosphorylation in Neo-ex-
ressing cells (lane 4) compared to attached cells (lane
). In contrast, detachment in AcN1-expressing cells
eads to an enhancement of Akt phosphorylation (1.6-
old, lane 7) compared to attached cells (lane 5). Hence,
here is a 17-fold difference between Akt phosphorylation
n Neo- and AcN1-expressing cells under detached con-
itions (compare lanes 4 and 7). To eliminate the contri-
ution of serum to PKB/Akt phosphorylation in these
xperiments, cells were grown under reduced serum
onditions (lanes 4 and 7). Reduction of serum under
ttached conditions leads to a marked difference (3-fold)
n Akt phosphorylation in Neo-expressing cells (lane 3)
hile there is a marginal decrease in AcN1-expressing
ells under similar conditions (lane 6). Treatment of
cN1-expressing cells with LY294002 reduces the phos-
hemical inhibitors of PI3K abrogate AcN1-mediated anoikis protection.
d Ras-mediated protection in HaCaT cells. Graph (bottom) shows the
nce of LY294002 (LY). The asterisk indicates P , 0.02 compared with
-mediated anoikis protection. Photomicrographs (top) show represen-
ormal and apoptotic HaCaT cells (8 h after matrix withdrawal). Graph
cells abrogates resistance to anoikis in comparison to control Neo
itive cells apoptotic nuclei were scored by Hoechst 33342 staining.
ta from two independent experiments are shown. (C) AcN1 increases
sfected cells were serum starved and kept in suspension for 2 h in
r panel shows that HaCaT cells expressing either AcN1 or Neo show
kt under attached conditions (compare lanes 2 and 5 to lane 1). Under
hosphorylation in AcN1-expressing cells transfected with Akt (lane 6)
bination of reduced serum and anchorage-independent conditions,
hosphorylation than Neo cells transfected with Akt (lane 4). Treatment
nder reduced serum and detached conditions by 2-fold (compare lanet. (A) C
otch- an
prese
s AcN1
cted n
aT-Ras
FP-pos
and da
ed tran
e uppe
enous A
in Akt p
r a com
r Akt p
cN1 us reprobed with anti-Ha antibodies to normalize for wild-type Ha-Akt
Similar results were obtained in another independent experiment.
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27RAPID COMMUNICATIONphorylation of PKB/Akt by 2-fold (lane 8) compared to
untreated cells (lane 7), indicating the activation of PKB/
Akt through the PI3K pathway. These experiments were
undertaken by transient expression of AcN1 into HaCaT
cells constitutively expressing AcN1 (lanes 5–8), to en-
able a higher level of expression of AcN1. Expression of
FIG. 2. Notch signaling inhibits anoikis in epithelial cells. (A)
HaCaT-AcN1 cells at 0 and 16 h following matrix withdrawal. Nuclea
ells. (B) Graph shows that AcN1 generates resistance to anoikis co
n soft agar for 16 h. Data were generated by counting at least
hree independent experiments. (C) HaCaT-AcN1 (h) cells do no
aCaT-neo (E) on long-term cultures. Graph is a representative of
esistance to anoikis in HaCaT cells on dishes coated with polyh
ropidium iodide to measure membrane damage (D) and DNA conte
n HaCaT-neo cells in the absence of matrix (detached) compared
ithdrawal (detached). M2 represents propidium iodide-positive ap
ragmentation in (E).equal amounts of Wt-Ha-Akt in each lane was normal-
ized by probing with anti-Ha antibody.Activation of Akt cooperates with E6 and E7 oncopro-
teins in transformation. The experiments in Fig. 3 dem-
onstrate a role for the PI3kinase-PKB/Akt pathway in
mediating resistance to anoikis by activated Notch1 and
suggest that the survival signal generated by the activa-
tion of this pathway may play a functional role in trans-
entative photographs of Hoechst 33342 staining of HaCaT and
ensation (W) and fragmentation ( ) were used to identify apoptotic
ble to that generated by activated Ras when cells were suspended
uclei in 10–20 random fields. Graph depicts mean 6 SEM from
protection to serum starvation-induced apoptosis compared to
ndependent experiments. (D and E) Expression of AcN1 generates
-methylmethacrylate. Graphs show the extent of apoptosis using
Representative histograms show the extent of apoptosis generated
presence of matrix (attached) and of HaCaT-AcN1 following matrix
cells in (D) and a sub-G1/G0 population representative of nuclearRepres
r cond
mpara
100 n
t show
three i
ydroxy
nt (E).
to theformation. To explore the role of PKB/Akt in mediating the
cooperative transformation observed in Fig.1, we estab-
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28 RAPID COMMUNICATIONlished stable HaCaT cell lines expressing both E6 and
E7 oncogenes and expressed a constitutively active form
of PKB/Akt (CA-AKT) in these cells. Consistent with the
results in Fig. 1, E6 and E7 alone do not lead to an
increase in colony formation and coexpression of AcN1
leads to a threefold increase. Coexpression of CA-Akt
similarly leads to a threefold increase in colony formation
(Fig. 4A). A dominant negative form of PKB/Akt (KD-AKT)
eliminates this increase in soft agar colony formation. In
addition, we evaluated the generation of resistance to
anoikis by E6 and E7 oncogenes in the absence and
presence of both AcN1 and constitutively active PKB/Akt.
There is a marginal increase in resistance to anoikis by
FIG. 4. Activation of Akt is required for transformation (A) and anoikis
resistance (B). Graph in (A) shows that expression of AcN1 in E6/E7-
expressing cells leads to a threefold increase in the number of colonies
in soft agar. Cotransfection of dominant negative Akt (KD-Akt) with
AcN1 in these cells eliminates this threefold increase. Similarly, ex-
pression of constitutively active Akt (CA-Akt) leads to a threefold in-
crease in the number of colonies in soft agar. Expression of KD-Akt in
HaCaT-E6/E7 cells does not alter the number of colonies. (B) Graph
shows that transfection of AcN1 or CA-Akt into HaCaT-E6/E7 cells
leads to a twofold (35%) reduction in matrix withdrawal-induced apo-
ptosis. Cotransfection of KD-Akt with AcN1 blocks the AcN1-mediated
resistance to anoikis. Graphs represent mean 6 SEM of three inde-
pendent experiments. The asterisk indicates P , 0.05 compared with
vector alone.E6 and E7 oncogenes alone. Following expression of
AcN1 or CA-Akt, there is a twofold increase consistentwith results obtained in Fig. 2 and expression of domi-
nant negative PKB/Akt abolishes this increase (Fig. 4B).
Discussion. Human cervical tumors are causally asso-
ciated with the presence of high-risk HPV 16 or 18 (13),
hich are believed to be necessary but insufficient for
omplete transformation. Our results show that activated
otch1 signaling cooperates with HPV oncogenes in
ransformation (Fig. 1). The activation of Notch1 gener-
tes resistance to anoikis (Fig. 2). Truncated alleles of
otch1 have been shown to induce an anti-apoptotic
esponse to glucocorticoid- and T-cell-receptor-mediated
nduction of cell death in T-cells by upregulating the
xpression of Bcl2 or by direct binding of the intracellular
egion of Notch1 to Nur77, a nuclear receptor involved in
he regulation of cell death (19), respectively. Activated
otch alleles synergize with E1A (8) and myc (4) in
umorigenesis. The functional contribution of activated
otch signaling in these tumors has not been deter-
ined (4, 8). The anti-apoptotic function for activated
otch reported in this study is consistent with synergy in
ransformation with E1A and myc as both these genes
are known to synergize with prosurvival genes (20, 21). In
addition, activated Notch1 was recently shown to pre-
vent apoptosis induction in murine erythroleukemia cells
(22) during differentiation.
The PI3K-PKB/Akt pathway is active in diverse can-
cers, but has not yet been reported to be activated
consequent to the expression of E6 and E7 oncogenes.
The observations in our study demonstrate that the
PI3kinase-PKB/Akt pathway is required for the genera-
tion of resistance to anoikis by activated Notch1. Further,
E6 and E7 oncogenes cooperate to a comparable extent
with activated Notch1 or constitutively active PKB/Akt in
mediating both resistance to anoikis and transfomation.
Consistent with the transformation of HaCaT cells by
activated Notch1 in the presence of E6 and E7 onco-
genes, cervical tumor-derived cell lines show a marked
increase in growth following the expression of activated
alleles of Notch1 (R.S., and S.K., unpublished observa-
tions). However, the abrogation of Notch1-mediated sig-
nal transduction in these cells would be necessary to
definitively establish our suggestion that Notch1 signal-
ing sustains human cervical tumor progression. In addi-
tion to the results displayed in Figs. 3 and 4, recent
observations using cells derived from mammary tumors
in activated Notch4 transgenic mice (23) are consistent
with the use of PI3K-PKB/Akt, key Ras effector pathway in
activated Notch-mediated oncogenesis. The process
that leads to the activation of the PI3K-PKB/Akt pathway
consequent to activated Notch1 in immortalized human
epithelial cells is currently unclear. The MAPK (23) and
F-kB pathway (24) has also been implicated in acti-
vated Notch-mediated transformation in murine models.
We are currently evaluating the status and cross-talk of
these pathways in cells with activated Notch1 in immor-
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29RAPID COMMUNICATIONtalized human epithelial cells expressing E6 and E7
oncogenes. Our recent observations reveal that ligand-
dependent Notch1 (Veeraghavalu et al., manuscript in
preparation) activation is the likely basis of Notch dis-
regulation in human cervical neoplasias.
Materials and Methods. Constructs. The pcDNA3-ICTX
plasmid encoding an activated allele of Notch1, referred
to here as AcN1 (gift of J. Aster, Harvard Medical School,
Boston, MA), contains the entire cytoplasmic region
starting from three amino acids internal to the transmem-
brane region (6). The HPV-16 E7 construct was gener-
ated by subcloning the BamHI fragment from pHaE7 into
he appropriate sites in pMEP4 (Invitrogen) to obtain
MEP4-E7. The E6/E7 coexpression plasmid pMSIIref-
6/E7 was a gift from M. Conrad-Stoeppler and H. Stoep-
ler (University of Marburg, Marburg, Germany). The in-
ert was subcloned from pMSIIref into the BamHI and
hoI sites of pCDNA3 to generate pCDNA3-E6/E7. Two
ncogenic Harvey Ras constructs were used with a
odon 12 mutation: pBW-1423 and pSG5-V12Ras (gifts
rom E. Androphy, Tufts University, Boston, MA, and J.
ownward, ICRF, London, UK, respectively). The domi-
ant negative mutant of Akt, AH-Akt (17), was provided by
. Downward (a gift from T. Franke) and wild-type Ha-
agged Akt, constitutively active Akt and kinase dead Akt
Ha-Akt K179M) (18) were provided by M. E. Greenberg,
Harvard Medical School).
Generation of cell lines. Cell lines were grown in
MEM supplemented with 10% FCS (Gibco BRL) and
ransfected using Lipofectamine (Gibco BRL) or Super-
ect (Qiagen), as specified by the manufacturer. HaCaT-
eo, AcN1, E7, E6/E7, and Ras stable cells were gener-
ted by transfecting HaCaT cells (14) (passage 7; gift
rom N. Fusenig, Heidelberg, Germany) with pcDNA3-
eo, pcDNA3-ICTX, pcDNA3-E7, and pBW-1423Ras, se-
ected using 800–1000 mg/ml G418 (Gibco BRL) and ex-
panded as pools of stably transfected cells. HaCaT cells
were used up to passage 20. Clones of HaCaT-AcN1 for
the PI3K inhibitor experiments were obtained by limiting
dilution and expanded.
Soft agar assays. HaCaT and HaCaT-E6 cells (15) were
transfected with pcDNA3-Neo, E7, AcN1, and E7, plus
AcN1- or Ras-expressing plasmids. At 36–42 h posttrans-
fection, cells were trypsinized and 1–2 3 105 cells were
esuspended in 0.33% soft agar and overlaid with 0.5%
gar in a 60-mm dish. The number of colonies that
ppeared between 21 and 24 days was counted micro-
copically (103 phase contrast). HaCaT-E6/E7 cells
ere transiently transfected with AcN1, CA-Akt, KD-Akt,
nd AcN1 plus KD-Akt and suspended in agar, and
olonies were counted as mentioned above.
Apoptosis assays. For anoikis resistance assays, cells
rom 70–80% confluent flasks were trypsinized, and nu-
lei were prestained with 5 mg/ml Hoechst 33342 dyeSigma) for 15 min at 37°C and seeded in 0.33% agar on
issue culture plates. At 0 and 16 h the dishes were
bserved under a UV filter and scored for cells with
ragmented and condensed nuclei. For microphoto-
raphs, cells were extracted from agar using 6 M sodium
odide. For FACS analysis, matrix withdrawal assays
ere undertaken on tissue culture dishes coated with
olymethyl-methacrylate (12 mg/ml in chloroform) to pre-
ent deposition of extracellular matrix. For membrane
amage analysis, cells from coated (detached) and un-
oated (attached) tissue culture dishes were stained
ith propidium iodide (PI) and analyzed using FACSCAN
ell Quest software (Becton Dickinson). For DNA dam-
ge analysis (hypoploidy assay), cells were washed in
BS, resuspended in 0.1% Triton X-100, 0.1% sodium
itrate solution containing 50 mg/ml of PI, and incubated
t 4°C overnight. Samples were assayed for DNA con-
ent by flow cytometry. For serum starvation-induced ap-
ptosis assays, cells were serum starved for 2 weeks
nd apoptotic nuclei were scored using Hoechst stain-
ng.
For experiments with AH-Akt, pEGFPN1 (Clontech)
as cotransfected with AH-Akt into HaCaT, HaCaT AcN1,
nd HaCaT Ras cells. Apoptotic nuclei in GFP-positive
ells were scored and imaged (using an Olympus PM-
35DX CCD camera) by staining with Hoechst 33342 at
h after matrix withdrawal. A similar approach was
ndertaken in HaCaT-E6/E7 cells transfected with AcN1,
A-Akt, KD-Akt, and AcN1 plus KD-Akt. For PI3K inhibi-
ion experiments, cells were incubated with 20 mM
LY294002 (Calbiochem) or 0.1 mM wortmannin (Sigma)
and harvested 6 and 8 h, respectively, after matrix with-
drawal. Apoptotic nuclei were scored using Hoechst
staining for LY294002-treated cells. DNA damage (hyp-
oploidy assay) was measured by flow cytometry in wort-
mannin-treated cells.
Measurement of Akt phosphorylation. HaCaT-Neo and
HaCaT-AcN1 cells were transiently transfected with 20
mg of WT-Ha-Akt. At 36 h posttransfection, cells were
serum starved in 0.2% FCS containing DMEM for 8 h, and
cells were maintained in suspension for 2 h, harvested,
and lysed. Total protein concentration was estimated by
Bradford assay. One hundred micrograms of total protein
was loaded per lane on a 10% acrylamide gel, separated
by PAGE and transferred to a nitrocellulose membrane.
Western analysis was performed using a 1:1000 dilution
of Phosphoserine 473 Akt antibody (NEB).
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